Vaccination against furunculosis and vibriosis is well-established in fish culture. Intraperitoneal (i.p.) vaccination with oil-adjuvanted vaccines has been reported to result in either enhanced (Buchmann et al. 1997) or reduced fish growth (Lillehaug 1991 , Lillehaug et al. 1992 , Midtlyng 1997 , Midtlyng & Lillehaug 1998 . Knowledge about the effects of oil-based vaccination on growth of Arctic charr Salvelinus alpinus is limited. The temperature in which fish are cultured after vaccination may influence the effects of the vaccine. The optimum temperature for growth of Lake Inari Arctic charr has been reported to range from 10 to 14°C (Lyytikäinen et al. 1997) . We chose to study how i.p. vaccination with an oil-based vaccine influences growth of Arctic charr at 3 temperatures: 10.3, 14.1 and 18.1°C.
Materials and methods. On April 26, 1996 (Day 0), a group of Arctic charr (average weight = 25.2 g, SD = 7.6 g) was i.p. vaccinated at 2.9°C (0.2 ml fish -1 ) with an oil-based, bivalent vaccine containing killed Aeromonas salmonicida subsp. salmonicida and atypical A. salmonicida bacteria (Alpharma Inc., Norway) (Fig. 1) . A group of non-vaccinated fish served as controls, marked by clipping the adipose fin. Charr were kept in 4 m 2 tanks at ambient water temperature and fed at a low ratio (< 0.5% of body weight d ), anaesthetisation, to allow individual growth measurement. Water temperature was 6°C at the time of tagging. Fish were then held in 4 m 2 tanks for 7 d, until the start of experiment, and fed as before (Fig. 1) The influence of vaccination on G was tested according to a nested-factorial design (Montgomery 1997 ). In the model the effect of temperature was nested with tanks and vaccination was a factorial factor (Montgomery 1997). Within a temperature treatment group the influence of vaccination was tested by simple contrasts (SYSTAT 1997) .
Results and discussion. There were no weight differences between the parallel groups (pooled average = 25.5 g, SD = 7.6 g) at the time of distribution of fish into the tanks (Day 32). In the first period (Days 32-49, at 10.0°C), the control charr had higher G than the vaccinated fish. The difference in growth between vaccinated and control fish was similar in all the tanks at that time (Fig. 2) .
After the 3 temperature treatments were established (Day 52) the vaccinated fish grew faster than the controls at 10.3 and 14.1°C (second and third periods) (Fig. 2) . However, at the same time there was no significant differences in G between the vaccinated and the control fish kept at 18.1°C (Fig. 2) . As a result there was no significant difference in weight between the vaccinated and the control fish at 10.3 or 14.1°C at the end of the experiment, but the vaccinated fish held at 18.1°C had a lower body weight than the controls (Table 1) . Thus the vaccinated charr were able to compensate for reduced growth at temperatures close to the optimum growth temperature range (10.3 to 14.1°C) but not at a temperature above it.
In charr kept at 10.0 and 10.3°C from Day 32 to Day 103 after vaccination, we could analyze how G changed over time. Growth suppression was observed in vaccinated Arctic charr in the first period (Days 32 to 49). Our result for Arctic charr is not consistent with the results of Midtlyng et al. (1996) , who reported that reduced appetite or growth could no longer be observed 3 wk after i.p. vaccination in Atlantic salmon Salmo salar. Impaired growth and the duration of growth suppression after vaccination may be related to activation of the immune system in vaccinated fish (Poppe & Breck 1997) or result from lesions at the injection site (Midtlyng et al. 1996) and may vary among different species.
The results indicate that the side effects of vaccination on Arctic charr are influenced by water temperature. The temperature at which studies are performed plays an important role in data analysis, because temperature may allow compensatory growth or prevent it. This is reflected in the relationship between the duration and the results of the study. For instance, our results for the final weight of Arctic charr (Table 1) are consistent with the results of Midtlyng & Lillehaug (1998) , who observed a negligible or negative effect of vaccination on growth of Baltic salmon. This consistency requires that we do not take into account the variation of G over time: the growth of vaccinated Arc- Compensation of growth suppression was not seen in vaccinated fish during the time of the experiment at 18.1°C. However, growth suppression was compensated at 10.3 and 14.1°C. This indicates that vaccination with modern oil-adjuvanted vaccines has no ultimate negative effect on growth of Arctic charr at temperatures below their optimum growth temperature (14°C) or in conditions where compensatory growth can be performed by Arctic charr. 
